Introduction

An Intelligent
Control System (ICS) for reusable rocket engines has been proposed t for the purpose of widening the range of operation, enhancing overall engine performance and reducing the amount of required maintenance. Improvements in engine durability through control of critical temperatures and pressures should improve the usable engine life without sacrificing the enormous thrust levels required for mission success.
The ICS is composed of a real-time diagnostic system, a multivariable cont_oller and an "intelligent coordinator". The diagnostic system identifies engine failure modes including actuator and sensor failures online and supplies this information to the coordinator. intensities Qp = Q r e 91,x o and Qp > 0, and R, = R, "r _'_" = and R, > 0 respectively. Here, y(t) and r(t) 
which is different from (5). Moreover, if C is identical to H as in many applications, (6) includes an additional term in the "denominator" which invalidates the usage of (5) 
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The transfer functionfrom E'(s) to E"(s) can now be writtenas E/:(s) ---C OB(I +K_ @B)-1G,(s)E/(s)
which is identical to the full state feedback case. One of the strengths of the Servo Compensator approach is the estimator dynamics do not degrade the "steady-state" command following performance designed into the compensator using (2).
Doyle and Stein proposed a general method for modifying the Kalman filter gain to achieve LTR pointwise in "s" as a function of a single scalar parameter. However, the approach developed here cannot he used directly since the dynamics during this period are not well understood making the synthesis of appropriate I A,B,C } difficult.
Space Shuttle Main Engine (SSME)
The SSME is the first large reusable rocket engine using a staged combustion cycle with two high pressure turbopumps (oxygen and hydrogen) fed by two low pressure turbopumps. Fig. 4 The first step in the design is the synthesis of the controller gains using regulator theory.
In particular, diagonal matrices Q ¢ _ x, and R ¢ _ x" must be chosen to satisfy eqs. (2) and (3) over a specified frequency range. Thrust rates are limited on the SSME in the frequency domain by choosing Q and R such that eq. (2) is satisfied up to 1.5 radians per second. Space Shuttle Main Engine (SSME) for the selection of a square, minimum phase, and invertible realization.
In addition, this paper demonstrates the applicability of the method to control of the SSME. In particular, a 8.
simplified nonlinear model of the engine is given based on a linear perturbation design model at one hundred percent power. The linear design is shown to hold over the entire operating envelop during mainstage. The example demonstrates the tradeoff between robustness 9.
and sensor noise rejection in the Servo Compensator.
A certain degree of robustness is required in all designs, the difficulty is to find the correct balance for each application by adjusting a single scalar parameter. 
